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Abstract

The design of the vacuum system for the PEP–II B Factory
High-Energy Ring is reviewed. The thermal design and
vacuum requirements are particularly challenging in PEP-II
due to high stored beam currents up to 3.0 amps in 1658
bunches. lle vacuum chambers for the HER arcs are fabrica-
ted by electson beam welding extruded copper sections up to
6 m long. Design of these chambers and the vacuum pumping
configuration is described with results from vacuum and
thermal analyses.

INTRODUCTION

PEP–II consists of a 9.0 GeV High-Energy Ring (HER) for
electrons and a 3. I GeV Low-Energy Ring (LER) for
positrons in the 2,200 m PEP tunnel. The design luminosity
for PEP-II is 3x1033 cm-2 see-l, 30 times higher than PEP–
1. This is achieved via high stored beam currents up to 3.0 A
in 1658 bunches per ring. The vacuum system design is
therefore challenging due to the resulting high thermal and
gas loads. The PEP-H rings are hexagonal with 240 m arc
regions joined by 120 m straight regions. Vacuum valves
isolate each region. The HER straight region vacuum
chambers will be fabricated horn 95 mm stainless steel tubing
with 304 stainless steel knife-edge flanges. All flanges in the
HER have an internal RF seal to carry wall currents and limit
higher order mode losses. The HER arc chambers consist of a
1.5 m quadruple chamber and 6 m dipole chamber fabricated
from extruded copper. Half-hard C101OO OF copper was
chosen for good heat conductivity, low photodesorption
coefflcienti and good radiation containment [l]. Chambers are
designed for low impedance (< 1 Q for the ring) to avoid
beam instability and to minimize higher order mode heating.

VACUUM SYSTEM ANALYSIS

System Design

Peak SR linear power deposition on HER arc chambers is
102 W/cm at a beam energy of 9.0 GeV and a beam current of
3.0 A, with 10% of the power back-scattered around the

Pumpingplenum r

chamber walls. Finite-element modeling shows peak wall
temperature at the SR impingement zone to be 100”C with an
average wall temperature of 60°C. This temperature
dlfferentird produces a 13,700 PSI compressive stress as the
heated zone tries to expand, but is constrained by the bulk of
the cooler chamber [2]. Data for half-hard C 10100 shows the
material will not yield or suffer fatigue related cracking for at
least I@ cycles. Our fabrication processes are designed to
maintain the half-hard temper.

The design vacuum pressure of 1x10-8 Torr in the arc
regions and 3 x 10-9 Torr in the straights will be attained with
an all-ion-pumped system. The photon dose in the arcs is
1.5x1019 photons/s/m, 15 times greater than PEP-I, resulting
in a dynamic gas load of 1XIO+ T-l/s/m [3]. Dipole magnets
take up most of the arc beam line circumference, so
DMributed Ion Pumps (DIP) provide most of the requird
pump speed (> 130 Mm). Lumped 60 l/s differential ion
pumps on the quad chambers provide noble gas pumping
during accelerator operation and maintain vacuum pressure
when the beam and DIPs are off.

Photodesorption Testing

An accurate understanding of the photodesorption coeffi-
cient (~) is required to ensure acceptable vacuum pressures
with high PEP-II photon doses. A test program was carried
out at Brookhaven National Laboratory’s NSLS facility by
C. Foerster, et al [4]. Copper samples were exposed to photon
beams in the WV beam line (0.5 keV, 110 mad) and X-ray
beam line (5.0 keV, 23 mrsd). The rates of photodesorption
were measured for photon doses up to l@3 photons per meter
which confirmed our predicted ~ value of 2 x 10+ molecules
per photon (N2 equivalent) after 100 amp-hours of operation.
Using the planned cleaning and fabrication processes, the
expected resorption rate and gas load for the HER arcs should
be within the capacity of our pumping system.

Distributed Ion Pump Testing

Distributed Ion Pump (DIP) speed tests were performed at
the Lawrence Llverrnom National Laboratory (LLNL) to
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Figure 1. HER arc cell showing dipoie and quadruple chambers.

● Work supported by Department of Energy contract DE-AC03-76SFO05 15 (SLAC) and W-7405-ENG48 (LLNL).
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Figuc-e2Isometric viewof HER dipole vacuumchsrarber

confirm pumping cspacity. DIP mudules with varying cell
size and plate spacing we= tested over a rmrgc of dipnle fieId
sucrrgthz and op-erstirrgpmssurcs. These tests dcmonstcsted m
acceptable DIP speed for the HER mcs of more than 130
Llslm. A combination ❑onevaporable gectcr/DIP design is
tilng evsluatcd at LLNL that could yield rm even higher
pumping speed. The DIP uses a psrrdlel plate snnde rscbcr
thmr the more rrrdional tubulm cell anude used in PEP-I.
Polarity of tbe LLNL pump is reversed from Caditional
designs; tbe srrndeis at ground and catbude at negative bigb
voltage due to a conccm for ejectionof titanium ions into the
beam chaccrbcr, which would degrsde besm lifetime. Pure
titanium will k used for the cathodes and stsinlcss steel for
the anndes.

VACUUM CHAMBER DESIGN AND FABRICATION

Dipole Chamber

The dipole chsmber consists of time copper extmsions,
a DIP wish high-voltage fecdtbrnugh, snd two end flsrrgcs.
Since cnpper cannot be extmdcd in one mulcipmt secti~ lie
aluminum, sepsratc excmsions must be joined by Electron
Beam (EB) *clding. The cnnling bar is first EB welded to the
d:pulc extrusion. The dipule chamber is then bent hy stcetcb-
fomring to a 165m rsdius to conformm the besm orlit. l%k
is done by strctcbingthe extmsion sxislly to the yield puicrt
scrd forming it over a prcshaped mcndml. ‘fhk process
minimizes residual stress and relieves stress tium previous EB
cucdicrg bar welding The prucess is fast, pruduces a smooth
cccurstebend.cud is efficientforpmduccion.

Next, chcmbcr ends we mscbincd for flange attcchmem
ccrdthe chamkr is chemically clcamd. A pattern of 3 mm
high pumping slots is cut intn the 6 mm thick DIP sepsmtnr
screen using a computercormtdlcd, Mlgh-prcssun?water jet.
slots are sized to minimizebeam-to-DIPcouplingsrrdhigher
order mndc losses, yet give acceptable conductsrrce fur gsz
molecules into the DIP. ‘llre slotted screcrr is inserted intn the
d@ule extmsion to divide the km mad pump passages, rmd
EB welded in place.The DIPis installed.snd the DIP pszzsge
end plate snd vacuumflangescm EB welded. Stsicdesssteel
flanges are attached to the copper extrusion via a staicdess-
CnppcrM@$tm[5]. The chmnbcris glow-discharge CICMIed,
then vacuum bskcdat 20WC furabuut72 hours.

Figure 3 Photogmph of HER dipole extrusion during
stretch-funningat SLAC.

QuadrrapoleChamber

The qusdmpole vacuumchsmbcr intcgmtes bcsm pusition
monitor (BPM),bellows, high-conductancepump cell, mask,
supports, scrdvacuum flsrrges. A water-cooled mask in the
pump cell absorbs SR power that would otherwise strike
flsnges and rbe uncuuled chsmbcr ends. The SR power den-
sity cmthe mszk is csicuhted m k 225 Wlcm, but since the
mssk is tberrnclly isolated, scrd & to expand, peak stresses
wc scceptcble. ‘Glidcop, m alumina dizpcrsion strcngtlrencd
copper, is used for the mssk bndy.

Arc BPM fcedthroughs arc EB weided tn the quad
extmsion. Susight section BPMs will be mounted in a sirniku
mscmer to SST tubing. The feedthroughassemblyintegratesa
cemmic insulator, a 2 cm dimncter stsinlcss steel bmcun, srad
sn SMA cnrmcctnr in scr elecoicslly smnucb 50 f2 unit. The
outer bndy is mcde of 70/30 elcctrnnic gmde Cuprcmickel,
compatible with bmzing the ceramic, snd readily weldsble to
the coppec extrusion. A flexible bellows providcz compliance
fur tbennsl gmwtb ad fabrication tolerances. ACIicmer zhkld
mcdc uf rhudium plated, beryllium-copper fingers conducts
wall cumcnts acrd minimizes highcc order mnde heating.
EGGS calculations show that 10% of incident SR power is
scattered inside the vacuum chamber, with part stciking the
bellows shield [1]. The spring fmgcrs am fixed on one side to
cnnduct heat tn crmld surfcccs, but sliding nn the otbcr side
wirh sufficient cmrmct force tn conduct surfsce cucrcnts.

Electron-Beam Wefding

Electron-beam welding is a sdiable, computer-controlled
prncezs that minimizes wscping snd yields accurate tolemlIc-
es. Welding is done in vacuum, which minimizes weld
p-mnsity and oxidation of cnppcr surfaces. Tungsten-in~ gas
wcldhg can apply 103 W nf puwcr irr an unfncuscd area with
significant sncwdhg of adjacent copper. In comparison. EB
welding can sppl y 107W in a ncrmwly fucuscd zone at weld

s-s Ov~ 2 ml$ so heat-affected zonea cm very smsll.
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Figure 4 Isometric view of quadruple vacuum chamber.

We performed extensive testing to develop techniques for EB
welding of copper with minimal anneaiing in the bulk of the
material. Short sections were test-welded and sectioned to
evaluate hardness, tensile strength, and metallographic quality.
The EB process has worked extremely well. For example, our
cooling bar weld is 9 mm deep and 2.3 mm wide, with a heat- _
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Figure 5 Cross section of quadruple chamber showing
BPM feedthroughs.
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leak.
SLAC is procuring an EB machine to perform the required

welds. The system will be cryogenically pumped with dry [I]
backing pumps, and will be housed in a class- 100K clean
room. A laser guided seam tracker and multiaxis computer
control will allow weld joint accuracy to about 0.05 mm. [2]

Chemical Cleaning

SLAC has an extensive chemical cleaning facility for copper,
[3]

which has been used successfully for many years. We
evaluated less environmentally challenging methods, but
chose a modified version of the SLAC procedure, which gives

[4]

a full acid etch followed by passivation. We evaluated each
step in the process using XPS evaluation of copper samples to
minimize surface contam.ination+mrticularly carbon, which
readily forms CO and C02 during accelerator operation.
Based on this study, we have made small changes to the [5]

cleaning process. Only a modest upgrade of the facility was
required to accept 6 m lengths.
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